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Abstract
Intrusive and metasedimentary terranes in Montana 
and Idaho were investigated in terms of basic low flow 
characteristics. Thirty basins were chosen, fifteen for 
each terrane,. considered to be comparable in all 
environmental respects except geology. The aim was to 
discriminate between terranes in terms of low flow 
characteristics.
Stream gage data were used to construct sixty low 
flow frequency curves, (thirty 1-day curves and thirty 7- 
day curves), and sixteen flow duration curves, (8 curves 
for each terrane). Several indices were then extracted 
from the two types of curves and a non-parametric 
statistical test (Wilcoxon rank test for 2 independent 
samples, equivalent in form to the Mann-Whitney test), 
was performed on several sets of indices for the two 
geologic types. All such tests yielded nonsignificant 
results, and statistically speaking, therefore, the two 
terranes cannot be distinguished into two populations, 
any differences between them being due to chance alone.
These apparently surprising results pose some 
questions and problems, as one would naturally expect to 
find differences in basic low flow features from one rock 
type to another. Possible reasons advanced for these 
test results include: (1) sampling techniques and sizes;
(2) curvefitting by eye; (3) possible non-relevance of 
the 0.05 level of significance of statistical tests, 
verifiable only by comparison with other data which is 
not available; and lastly (4) geologic complications 
based more on morphology than genetics.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Chapter 1: Introduction
1:1 Fundamental Concepts of Low Flow Analysis
Stream discharge is controlled by many physical and 
human factors, including those inherent in precipitation, 
évapotranspiration, relief, geology, soil, vegetation, 
and land use. The relations between streamflow and the 
above factors are extremely complex (Cross, 1949, p.
563). However, by its very nature, the geology of a 
catchment exerts a fundamental influence on all phases of 
runoff, but most observers concede that its control is 
dominant during low flows (Ward, 1967, p. 333).
Streamflow in a drainage basin can be divided into 
periods of high flow and of low. Low flow is defined as 
the lowest average flow for some consecutive-day period 
(Arntson and Lorenz, 1987, p. 4).
1.1.1.: Geologic Controls of Low Flow
During extended dry periods, streamflow originates 
from groundwater discharge. Such discharge usually does 
not fluctuate much and its consistency indicates aquifer
characteristics in a basin (Ward, 1967, p. 311; Todd,
1980, p. 225). Although aquifer characteristics 
influence the water yield of streams at all times 
(Adejuwon et al, 1983; Ogunkoya et al, 1984), they even
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
more strongly influence the basic low flow 
characteristics of most streams (Cross, 1949; Hely and 
Olmsted, 1963; Schneider, 1957; White, 1977). The rate 
of groundwater flow in aquifers is controlled to a large 
extent by rock characteristics (McMahon and Diaz Arenas, 
1982, p. 10). The type, structure, permeability, and 
sequence of rocks, and the thickness and physical 
characteristics of their weathered overburden, including 
soil, determine the capacity of those materials to accept 
and transmit water (Mohler and Hagen, 1981, p. 19).
Thus, for basins with rocks of high permeability, the 
response of groundwater runoff to rainfall will tend to 
be more rapid than for basins composed of rather 
impermeable materials (Ward, 1967, p. 333). Also, all 
things being equal, greater discharges of groundwater 
would be expected to last over longer time spans for 
rocks of high permeability, whereas the reverse would be 
expected of relatively impermeable rocks.
Many writers such as Schneider (1965) , Mohler and 
Hagan (1981), Smith (1981), and Pierce (1967) have 
reported on the great influence of geology and soils on 
low flows of streams. For example, Schneider (1965, p. 
514) concluded that the areal variations of low flows of 
streams in his study area are chiefly controlled by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
geology and culture, with average low flows showing 
reasonably significant differences between five broad 
geologic zones. There are however many factors that 
could complicate such clear conclusions.
1.1.2: Difficulties in Identifvina Specific Low Flow
Controls
The groundwater contribution to a stream depends not 
only on the hydraulic character of its aquifer (storage 
and transmissive characteristics), but also on the local 
hydraulic gradient and the degree of connection between 
the stream and the ground-water body, all of which may 
differ considerably even within basins of broadly similar 
geology (Nassar, 1973, pp. 26 and 30). Surface drainage 
patterns need not, and commonly do not, conform with the 
boundaries of ground-water systems (Pierce, 1967, p. 23). 
Also, small streams may reflect the presence of some 
localized or singular detail of geology or topography 
that is not expressed on available maps (Pierce, 1959, p.
134). On the one hand a small stream may be so slightly 
entrenched that it does not gain from an aquifer that 
yields abundantly to near-by streams more deeply incised; 
on the other hand, such a stream may be fed by perennial 
springs, thereby drawing on sources beyond the stream's
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
surface area; thus, the low-water yield far exceeds that 
common to the locality (Pierce, 1959, pp. 134-135).
Several experienced investigators have concluded 
that those properties of geology and évapotranspiration 
loss that largely influence low flows can not be clearly 
identified and can not easily be described by simple
indices (i.e., Lara, 1979, p. 11; Riggs, 1972, p. 11 and
Riggs, 1980, p. 723). This has posed problems both in 
interpreting controls acting on observed low flows and in 
estimating low flow characteristics in ungaged basins. 
1.1.3: Reasons to Assess Low Flow Regimes
Research into low flows is important for many 
reasons, among which is the need to study low flow
frequencies in order to regulate discharges of wastes
into rivers (Krug, 1976, p. 1). In evaluating the 
variability of stream flow for water supply, multiyear 
low flows can be used. Furthermore, by knowing the 
relationships between low flows and geology, one could 
estimate low flows for basins underlain by similar 
geologic units, which would be useful in water resource 
planning, especially for areas with limited water data. 
Also, low flow examination is important in relation to i 
water needs for the support of aquatic life, fisheries, \ 
and watershed management. Finally, in summary, as Browne
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(1981, p. 265) notes, it is gradually being appreciated 
that low flow conditions will often impose threshold 
limits for water-based activities and economic ^
developments in an area.
1.2; Studv Area 
The study area comprises 30 drainage basins in 
Montana and Idaho, half underlain by metasediments and 
half by intrusive igneous rocks (Figures 1 and 2 and 
Tables 1 and 2). Details of gage selection appear ahead 
under research methods. The study area is located within 
the region first defined by Fenneman (1931) as the 
Northern Rocky Mountain Region (Figure 3).
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Gage #
Table 1: Stream Gage Information for the
Intrusive Igneous Rocks
Name Area
(ml2)
Gage Yrs of 
Height Record 
(Ft)
Mean 
Annual 
Discharge 
(cfs) (cfsm)
MONTANA
12343400 East Fork 381
Bitterroot 
12346500 Skalkaho Creek 87.8
12347500 Blodgett Creek 25.9
06033000 Boulder River 381 
06061500 Prickly Pear 192 
Creek
06062500 Tenmile Creek 32.7
IDAHO
12392300 Pack River 124
13185000 Boise River 830
13186000 South Fork 635
Boise
13200000 Mores Creek 399
13235000 South Fork 456
Payette
13313000 Johnson Creek 213 
13336500 Selway River 1,910 
13337000 Lochsa River 1,180 
13338500 South Fork 1,150
Clearwater
4,192 16 293 .77
4,393 21 93 1.06
4,050 22 71 2.74
4,810 38 124 .33
4,067 14 44 .23
4,850 70 18 .55
2,130 23 322 2.6
3,256 74 1,214 1.46
4,220 40 814 1.28
3, 120 34 305 .76
3,790 43 894 1.96
4,656 56 356 1.67
1,540 55 3,827 2.00
1,453 55 2,911 2.47
1, 300 20 1, 098 .95
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Gage #
Table 2
Name
Stream Gage Information for the 
Metasedimentary Rocks
Area
(mi^)
Gage
Height
Yrs of 
Record 
(Ft)
Mean 
Annual 
Discharge 
(cfs) (cfsm)
12302000
MONTANA 
Fisher River 780 2,434 18 531 .68
12303100 Flower Creek 11.1 2,866 24 27 2.43
12342500 West Fork 317 4,581 44 289 .92
12358500
Bitterroot 
Middle Fork 1, 128 3, 129 47 2,906 2 .58
12359800
Flathead 
South Fork 1. 160 3,575 17 2, 310 1.99
12361000
Flathead 
Sullivan Creek 71.3 3,630 16 227 3.18
12365000 Stillwater 524 2,953 19 348 .66
12389500
River 
Thompson River 642 2,430 29 464 .73
12390700 Prospect Creek 182 2,382 31 249 1.37
12305500
IDAHO 
Boulder Creek 56 2, 600 42 119 2.13
12311000 Deep Creek 133 1,800 42 148 1.11
12411000 Coeur D'Alene 335 2,485 34 717 2.14
12413140 Placer Creek 14.9 2,840 17 37 2.48
12414500 St. Joe River 1, 030 2,097 64 2,360 2.29
12416000 Hayden Creek 22 2,370 19 27 1.23
1.3: Problem and Hypothesis
The problem is:
within the study area, are there significant 
differences in the low flow characteristics between 
streams draining basins underlain by metasediments and 
those draining basins underlain by intrusiye igneous 
rocks?
The null hypothesis is:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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there is no significant difference in the low flow 
characteristics of streams associated with the two 
geologic types.
The alternate hypothesis is:
Areas underlain by igneous intrusive rocks yield 
significantly higher low flows than those underlain by 
metasedimentary rocks. The reasons for chosing a 
directed alternate hypothesis follow.
Basic information concerning primary permeability 
and porosity, etc. indicate that areas underlain by 
igneous intrusive rocks generally yield higher low flows 
than those underlain by metasedimentary rocks (Waltz,
1969, p. 123; Cox, 1975, pp. 29-62). However, in some 
places secondary permeability characteristics involving 
fractures, bedding planes, foliations, connectivity, 
etc., may commonly play a decisive role in offsetting the 
effects of the primary permeabilities and porosities 
mentioned above. There is no information regarding the 
secondary permeabilities of the rocks to be investigated, 
and without such indication, the null hypothesis will be 
adopted.
1.4: Research Methods
Research methods used in this study include:
1. literature review.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2. collection of USGS stream gage data.
3. graphical and statistical description and 
summaries in order to perform:
a. low flow frequency analyses, and
b. flow duration analyses.
1.4.1 Gage Selection
The stream gages comprise a sample, (which includes 
almost the entire population) of gages in Western Montana 
and Northern Idaho, that reflects the following 
conditions: (1) at least 70% of the area of each gaged
basin is underlain by either intrusive igneous or 
metasedimentary rocks ; (2) the gages are located farthest 
upstream; (3) the gages are unaffected by upstream 
impoundments or significant diversions.
The information provided by these gages should be 
representative of their terranes because each basin is 
underlain by at least 70% of the indicated rock type and 
all are characterized by approximately similar climates 
and mountainous terrain.
Each stream gage has at least 14 years of continuous 
record, but such periods do not always coincide.
1.4.2: Low Flow Analvsis
Low flow characteristics of continuously gaged 
streams may be described by frequency curves of annual or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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seasonal minimum flows, duration curves, and by baseflow 
recession curves (Riggs, 1972, p. 1). Seasonal minimum 
frequency curves and baseflow recession curves are not 
treated here. This is because of the tedious nature of 
production, and also because I feel low flows in the 
study area are adequately described by annual frequency 
curves and flow duration curves.
Also, stream flow variability is not dealt with 
here, although it is reflected in the annual frequency 
curves and flow duration curves below. This is 
considered here because stream flow variability is 
influenced by geology (Lane and Lei, 1950, p. 1085), 
which in turn is important in low flow studies. 
Therefore, low flow analyses presented in this work are 
broken down into:
1. low flow frequency curves and indices, and
2. flow duration curves and indices.
1.4.3.: Low Flow Freouencv Curves and Indices
A low flow frequency curve is a graph showing the 
magnitudes and frequencies of minimum flows for a period 
of given length (Langbein and Iseri, 1960, p. 13), 
usually for either the average of one day, or of several 
days. It shows the probability of occurrence of annual 
low flows (Mohler and Hagen, 1981, p. 5).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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A difference of opinion has developed concerning 
whether valid comparisons between basins can be effected 
only by using discharge data that cover the same period 
of record. Hidaka (1973), Nassar (1973), Pierce (1967), 
and McMahon (1969), for example, adjusted their data to 
common reference periods in order to make direct 
comparisons between the low flow characteristics of the 
streams. Pierce (1967), also noted that if a common 
period were not used, climatic differences during the 
different periods may invalidate comparisons. This 
assumes that differences in runoff reflect only temporal 
influences and not spatial— which seems at variance with 
reality. However, other writers (i.e.. Smith, 1981, 
Arntson and Lorenz, 1987, and Thomas and Benson, 1970) 
did not use common reference periods in their analyses. 
Smith (1981), and Arntson and Lorenz (1987) used stations 
that had at least 10 and 20 years of data respectively. 
Arntson and Lorenz (1987, p. 9) stated that low flow 
characteristics could, and would, vary for a gaging 
station according to the number of years of record and 
the period gaged, but that they made no provision to use 
concurrent periods of record. Thomas and Benson (1970, 
pp. 9 and 10), however, noted that they considered the 
records as random samples, and that such samples should
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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lead to a better description of long-term expectancy than 
data gathered for a common base period. Accepting the 
conclusions of Thomas and Benson (1970) and Todd (1953), 
a common base period for gage data has been shown to be 
an unnecessary constraint which reduces the number of 
basins and years of record available for analyses.
Regarding suitable minimum lengths of base periods, 
(excluding 1 day miscellaneous measurements) 10 years or 
more has often been used and recommended (i.e. U.S. Water 
Resources Council, 1981, and Arntson and Lorenz, 1987). 
But obviously, more than 10 years of record are 
preferred. For example McMahon and Diaz Arenas (1982) 
recommended 30 years; Pierce (1959) used 17 years, and 
Smith (1981) used at least 20 years of data. A minimum 
of 15 years was decided to be used here for the frequency 
curves, although later in the research it was realized 
that one station. Prickly Pear, had only 14 years of 
continuous record. More than 15 years of record were 
available all together, but only 14 were available in 
consecutive years. Therefore, just this station was used 
with less than 15 years of record.
According to Haan (1977, p. 134) probability 
plotting of hydrologie data should be done so that 
individual observations or data points be independent of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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each other, and that the sample data be representative of 
the population. McMahon and Diaz Arenas (1982, p. 36) 
state that low flow frequency curves are based upon data 
that are independent and homogeneous. Riggs (1968, p.
37; 1980, p. 722) note that most low flow frequency 
curves are probability curves because the individuals are 
unrelated and homogeneous, although occasionally a 
serially correlated sample is found. In this latter case 
of dependence, the frequency curve is valid, but the 
probability of a given annual low flow being less than 
some specified discharge also depends on the magnitude of 
the low flow of the preceding year (Riggs, 1980, p. 722).
The year from which the annual low flows are 
selected is usually the climatic year (Riggs, 1985; Lara, 
1979; Hidaka, 1973; Singh & Stall, 1974 and Loganathan, 
Kuo, and McCormick, 1985, etc.). The climatic year runs 
from April 1 to March 31, this being done because low 
flows usually occur in late summer or fall on most 
streams in the U.S. (Riggs, 1980, p. 721). If the water 
or calendar year were used, it would result in the 
separation of low flow periods into two incomplete parts 
at a number of gages. This separation would thereby 
violate the underlying premise of frequency analysis, 
that of independence of observations (Loganathan, Kuo,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
and McCormick, 1985, p. 106). Additionally, Riggs (1980, 
p. 721) notes that years with other beginning dates can 
be applied to streams having low flows in other seasons.
The frequency curve can be defined graphically (by 
eye) or mathematically (by computer) (Riggs, 1980, p.
721). Mathematical fitting assumes a theoretical 
frequency distribution of the data (Riggs, 1972, p. 2). 
Here the frequency curve is adjusted to approximate some 
type of theoretical curve. This adjustment is based on a 
particular statistical treatment of the data (Benson,
1962, A-6). Typically, when a set of data is fitted to a 
theoretical curve, more attention is given to the form of 
the fitted curve than to the actual data (Benson, 1962b, 
p. A—10).
Many theoretical distributions have been used to 
describe low flows. Some are: Gumbel's limited
distribution of the smallest value; the normal; the log 
normal; the three-parameter log normal; Pearson types 
III, IV, V; gamma; and square-root normal. Different 
authors recommend the use of different distributions in 
different places. For example, Joseph (1970, p. 470) 
selected gamma as the best for his purpose, his choice 
having been based on a chi-squared goodness-of-fit test 
and a comparison of the skewness-kurtosis relation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
between the theoretical distribution and the data.
Matalas (1963, p. A-11) found that the Gumbel and Pearson 
type III distributions fitted the data equally well and 
were more representative of the probability distributions 
of low flow than either the three-parameter log normal or 
the Pearson type V distributions. His conclusions were 
based on (1) the relation between the observed minimum 
flow and the lower limits of the theoretical probability 
distributions, and (2) on the observed relation between 
skewness and kurtosis with respect to the theoretical 
relations between these two summary statistics.
However, serious doubts have been expressed 
concerning theoretical distributions. For example, Haan 
(1977, p. 128) notes that, in most instances, one cannot 
analytically determine which probability distribution 
should be used. In addition, Riggs (1972, p. 7) comments 
that low flow frequency curves often do not necessarily 
resemble any theoretical distribution.
A graphically-fitted annual frequency curve, used in 
this work, is prepared by first extracting the lowest 
flows from daily average flows for each climatic year. 
These minimum flows could be for one day or an average of 
several days, depending on the user's specification.
These yearly average low flows are then arrayed in order
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of magnitude, the lowest given the rank of one. After 
ranking, some measure of frequency must then be computed 
so that a plotting position is obtained for the frequency 
scale (Dalrymple, 1960, pp. 14 and 15). Determining the 
probability to assign a data point is commonly referred 
to as determining the plotting position (Haan, 1977, p. 
133). Each individual in the sample is assigned a 
probability or recurrence interval.  ̂ There are various 
plotting position formulae, each based on a different 
assumption as to the characteristics of the sample 
(Riggs, 1985, p. 63). Some of these formulae are: 
California, Hazen, Gumbel, Beard, and USGS, the latter 
also known as Weibull (by Riggs, 1985, p. 63; Haan, 1977, 
p. 136, and Chow, 1964, p. 8-29, and by Benson, 1962b, p. 
A-13, as, first proposed by Kimball, 1946). A widely- 
used formula, the USGS used in this work, is:
RI = 1/p =
Where RI is the recurrence interval in years; p is the 
probability of a low flow being less than a specific 
value in any given year; n is the number of items in the
Recurrence Interval is the average interval in 
years between occurrences of a low flow less than an 
indicated or a given value (Lara, 1979, p. V); and the 
reciprocal, probability, is the mean probability of 
occurrence for an annual low flow less than the indicated 
value in any one year.
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sample, and m is the order number of the individual in 
the sample array (Dalrymple, 1960, quoted by Riggs, 1985, 
pp. 63 and 168). Chow (1964, p. 8-29) and Haan (1977, p.
135) both quote Benson's (1962a) statement that the 
Weibull (USGS) formula provides probability or recurrence 
estimates that are consistent with experience.
After calculating probabilities or durations, then, 
discharge magnitudes of the individuals are plotted on 
graph paper against these probabilities or recurrence 
intervals, and a straight or curved line is properly 
drawn to interpret the points (Riggs, 1985, p. 63).
There are different types of plotting scales one can use, 
for example, log-log, semi-log, normal, log-normal and 
extreme value paper (Gumbel and Weibull) etc.; however, 
any scale on which the frequency relation tends toward a 
straight line or a smooth curve is satisfactory (Benson, 
1962b, p. A-14). Log-probability and log-Gumbel scales 
were recommended by Benson (1962b, p. A-14) for comparing 
frequency curves, as equal vertical lengths on each graph 
represent equal percentage changes in discharge. Lara 
(1979) also used log-probability coordinates in his low 
flow study. McMahon (1969, p. 24) found that the most 
satisfactory scale for "linearizing" the low flow 
frequency data was attained with log-extreme scales. The
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plotting scale used here is that of the USGS (form 9- 
179b: logarithmic ordinal scale).
Advantages of the graphical procedure over the 
theoretical are that (1) the former is much simpler; (2) 
it commonly provides a better indication of the 
underlying hydrological relations (Benson, 1962b, p. A- 
10); and (3) there is no need to assume any particular 
type of frequency distribution (Riggs, 1985, p. 71).
Riggs, 1985, p. 167, notes that the graphical curve 
should be considered the basic frequency curve for annual 
low flows, although a log-Pearson Type III fit is 
adequate for most.
There are several indices of low flows that can be 
extracted from low flow frequency curves. All those 
noted below have been used in this study. They include 
the 1-day and 7-day 2-year, 10-year, and 20-year low flow 
discharges expressed as raw values (cfs), in cubic feet 
per second per square mile (cfsm) of basin area and also 
in ratio to mean discharges; the base flow index, and the 
slope index, (See Table 3). The 1-day indices are 
discharges of the annual 1-day low flow frequency curves 
taken at specified recurrence intervals or probabilities. 
The 7-day indices involve average discharges for 7 
consecutive days of lowest flow in the year.
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The 7-day, 2-year low-flow or 7-day, median low-flow 
(also called the low-flow yield index of Hidaka, 1973, 
and the low-flow index of Orshorn, 1975) is the discharge 
of the annual, 7-day, low-flow (expressed in cfsm), 
frequency curve at the 2-year (median) recurrence 
interval. It enables a quick appraisal to be done of the 
normal low flow yield of streams, and allows direct 
comparison of flows of streams draining different sized 
drainage areas (Hidaka, 1973, p. 13). The chief 
advantage of this index is that it includes a median 
value which is a reasonably stable reference statistic 
and a good representation of normal and average low-flow 
conditions (Pierce, 1967, p. 6 and Nassar, 1973, p. 22). 
The 7-day, 2-year low-flow has also been recommended as 
an index desirable in planning and design (Boner and 
Buswell, 1970, p. 36). Pierce (1959) used it as his 
index of low-flow.
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Table 3 : Summary of Low-Flow Indices
Low-Flow Frecruencv Curves
(a) 1-day and 7-day, 2-year, 10-year, and 20-year low- 
flow discharges expressed in cubic feet per second 
per square mile (CFSM) by dividing discharge by 
basin area, and also in ratio to mean discharge.
(b) The baseflow index.
(c) The slope index.
Flow Duration Curves
(a) 90% flow duration discharges in cfsm and also 
expressed as dimensionless ratios to the mean 
discharges.
(b) Slope ratios between the 90% and 98% flow duration 
discharges.
The 7-day, 10-year, low-flow has also been 
recommended as an index useful for planning and design 
(Boner and Buswell, 1970, p. 36). Riggs (1980, p. 721) 
noted that it is the most widely used index of low-flow 
in the U.S., and that it is used mainly in regulating 
waste disposal to streams. Smith (1981, p. 3) defined 
this index as the drought condition. The 7-day, 20-year
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low-flows also prove useful and are recommended as 
another index required for planning and design (Boner and 
Buswell, 1970, p. 36).
The base-flow index is the ratio between the 7-day, 
2-year, low-flow and the mean annual discharge for the 
period of record used (Nassar, 1973, p. 26). Differences 
in this index value can be attributed mainly to 
differences in basin hydrogeology; climate exerts very 
little control. The index indicates the relative amount 
of storage available in the basin as ground water and/or 
as surface water held as ice and snow (Hidaka, 1973, p.
13). It is not possible to separate influences of snow 
and ice storage from the geologic influences (Hidaka,
1973, p. 16). Therefore, the only way the effect of 
geology on low flows can be appraised using this index is 
by excluding streams originating at glaciers or those 
draining perennial snowfields.
The slope index is a ratio of the discharge of the 
7-day, low-flow frequency curve at the 2-year and 20-year 
recurrence intervals (Hidaka, 1973, p. 14 and Nassar,
1973, p. 23). It indicates the variability of low flows 
from year to year (Hidaka, 1973, p. 27). It is strongly 
controlled by the character of the geologic materials 
that underlie the basin, principally their permeability
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(Hidaka, 1973, pp. 1 and 14). For example, areas 
underlain by very permeable, unconsolidated sediments 
generally have a lot of ground water in storage and are 
characterized by small slope indices. Additionally, 
streams that drain areas underlain by materials of low 
transmissibi1ity, where ground water contribution to 
streamflow is very slow, can also have small slope 
indices. Basins characterized by large slope indices 
commonly contain small volumes of storage that can be 
drained rapidly (Hidaka, 1973, p. 14). This index is 
influenced more by the character of the geologic 
materials than is the 7-day, 2-year, low-flow (Hidaka, 
1973, p. 30). Another influential determinant involves 
the regulating effect of snow and ice storage in the 
basin (Hidaka, 1973, p. 14). For example, basins with 
much snow and ice storage will tend to have relatively 
flatter slopes (or lower slope indices).
In this study, averages of these indices per rock 
type (intrusive and metasedimentary) will be examined. 
Also, non-parametric statistical tests will be performed 
on the indices. They are intended to identify 
statistically significant differences between low flows 
of the two rock types.
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1.4.4.: Flow Duration Curves and Indices
A flow duration curve is a cumulative frequency 
curve that shows the percentage of time during which 
specified discharges were equalled or exceeded during the 
period of gage record (McMahon and Diaz Arenas, 1982, p. 
34). It represents a non-sequential series of streamflow 
events and combines in one curve the flow characteristics 
of a stream throughout the range of discharge. (McMahon 
and Diaz Arenas, 1982, p. 34).
Flow duration curves provide less information than 
low-flow frequency curves because they apply to a 
protracted period of record rather than to a year (Riggs, 
1980, p. 722). Flow duration curves also cannot be 
considered as probability curves because of the serial 
dependence of daily discharges and seasonal variations in 
discharge levels (Riggs, 1980, p. 722). Thus, they are 
merely a distribution of daily mean flows (Riggs, 1968, 
p. 37).
Regarding whether or not to use a common base period 
in constructing flow duration curves intended for 
comparison. Pierce (1967, p. 9), states that he did not 
use records adjusted to such a period. However, Wood (in 
Lane and Lei, 1950, p. 1101) and Todd (1953, p. 898),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
27
both note the importance of restricting data to such 
common periods.
There does not appear to be any strong agreement 
about the minimum number of years of data to employ in 
preparing duration curves. However, Lane and Lei (1950, 
p. 1087) noted that they used at least ten years, and 
Pierce (1967, p. 9) used a minimum of five years.
Here in this work, it was decided to use the 10 
concurrent years of data from 1960 to 1969 inclusive. 
This was so selected as to include a maximum number of 
stations, this being 8 per rock type (Table 4).
Table 4 : Gaae Stations for Flow Duration Curves
Intrusives Metasediments
Gage # Montana Gage # Montana
12343400
12345600
East Fork Bitterroot 
Skalkaho Creek
12302000
12342500
12361000
12389500
Fisher River 
West Fork 
Bitterroot 
Sullivan Creek 
Thompson River
Idaho Idaho
12392300
13185000
13200000
13235000
13336500
13337000
Pack River 
Boise River 
Mores Creek 
South Fork Payette 
Selway River 
Lochsa River
12305500
12311000
12411000
12414500
Boulder Creek 
Deep Creek 
Coeur D'Alene 
St. Joe River
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A widely used method for constructing flow duration 
curves is the total-period method, which is used by the 
USGS (Searcy, 1959, p. 3) and is used in this work.
Here, all daily discharges are put in classes according 
to their magnitude. Specific class limits recommended 
for discharges ranging from 1 to 5 log cycles, (Searcy, 
1950, pp. 3, 6 and 7), are given in Table 5. The 
frequencies per class are then cumulated, starting with 
the highest discharge class, and the cumulated percentage 
of the totaled frequencies is computed for each class 
(Searcy, 1959, p. 3). The data are then plotted with 
discharge on the Y-axis (lower class limit), and time in 
percent of total period on the X-axis.
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Table 5: Class limits for discharaes for flow-duration
curves
Ranges in daily discharge
1 log 2 log 3 log 4 log 5 log
cycle cycles cycles cycles cycles
10 10 10 10 10
11 12 15 15 15
12 14 20 20 20
13 17 25 30 30
14 20 30 40 50
15 25 40 50 70
16 30 50 70 100
18 35 60 100 150
20 40 80 150 etc.
22 45 100 etc.
24 50 150
26 60 etc.
28 70
30 80
33 100
36 120
40 etc.
45
50
55
60
65
70
75
80
90
100
The type of plotting paper recommended for flow 
duration curves is log-normal, or log-probability 
(Searcy, 1959; McMahon and Diaz Arenas, 1982) which is 
used here. The advantage of using a logarithmic scale
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for discharge is that it can usually span the ordinary 
ranges of stream discharge in 3 or 4 log cycles (Searcy, 
1959, p. 11). This permits displaying the data on a page 
of ordinary size.
The probability scale stretches out both ends of the 
curve, and as the logs of discharge are more normally 
distributed than the discharge itself, the log-normal 
paper tends to straighten out the flow duration curve 
(Searcy, 1959, p. 11).
The lower end of the duration curve is an expression 
of the low flow characteristics of the stream (Riggs,
1980, p. 722). This is valuable for studying the effects 
of geology on a stream's groundwater runoff (Searcy,
1959, p. 24). In addition to the flow duration curve 
giving magnitude and frequency data, Schneider (1957, p. 
12) notes that the shape of the curve's low flow end 
indicates the degree to which streamflow is sustained by 
groundwater seepage during periods without surface runoff 
supply. Flat low flow ends show a gradual decline to 
minimum flows (Ward, 1967, p. 383; Cross, 1949, p. 563, 
and Todd, 1953, p. 899) indicating rivers with large and 
uniform groundwater contributions. Steep low flow ends 
of curves indicate a rapid depletion of comparatively 
limited groundwater supplies. As McMahon, (1969, p. 18)
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notes, an important attribute of the flow duration curve 
is that it contains a large amount of information 
concerning low flow characteristics at a station.
Also, the slope of the duration curve is used as a 
measure of streamflow variability (McMahon, 1969, p. 20; 
Pierce, 1967, p. 9, and Lane and Lei, 1950, p. 1085). 
Pierce, (1967, p. 9) points out that this useful graphic 
device provides an unexcelled means by which to compare 
the flow characteristics of different streams.
Regarding disadvantages of the flow duration curve, 
McMahon and Diaz Arenas (1982, p. 36) note that a major 
limitation is that the curve does not take into account 
any serial correlation of the discrete events used in its 
construction. Also, Linsley and Franzini (1964, p. 140) 
note that flows are not given in natural sequence. There 
is no way of knowing whether certain flows occur over 
consecutive days or months, or whether they are scattered 
throughout the period.
Relevant indices computed from flow duration curve 
data here include the 90th percentile discharge expressed 
in cfsm and as dimensionless ratios (the 90th percentile 
discharge divided by the mean of the period of record), 
and the slope between the 90th percentile discharge and 
the 98th percentile discharge (See Table 3).
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The 90th percentile flow in cfsm has been 
interpreted by Cross (1949), Schneider (1957) and Hely 
and Olmsted (1963) as consisting almost entirely of 
groundwater. Use of such ratios has been noted by Hely 
and Olmsted (1963, p. B9) as another way of reducing 
scale (area) and climatic differences among basins. 
McMahon and Diaz Arenas, (1982, p. 35) note that 
discharges expressed in cfsm (or as dimensionless 
ratios), enable reasonably valid comparisons among 
catchments to be made.
The slopes between the 90th and 98th percentiles 
reflect the constancy of groundwater feed during low 
flows. They provide a measure of steepness (rapid 
groundwater depletion) or flatness (slow groundwater 
depletion) of such flows, and are thereby important as 
low flow indices. This slope index here is the ratio 
between the 90% and 98% flow duration discharges.
As with flow frequency indices, flow duration 
indices will be averaged by terrane and examined, then 
non-parametric tests will be applied to the indices.
The next chapter looks at various environmental 
characteristics of the basins of the study area, which 
aids in understanding the low-flow characteristics.
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Chapter 2 : Environmental Setting
2.1: Geology
2.1.1: Geologic History
The oldest rocks in the study region formed about 
2.5 billion years ago, and the Rocky Mountains began 
forming about 100 million years ago in the Cretaceous 
period (Alt and Hyndman, 1972, pp. 9 and 13; also see 
figure 4). Most of the mountain ranges are uplifted 
fault-blocks, which could contain almost any combination 
of pre-Cambrian basement or pre-Cambrian sedimentary 
rock, or Paleozoic or Mesozoic sedimentary rock, 
depending upon which of these were present originally, 
and which have been eroded away (Ibid, p. 13). Also 
present are some mountains of igneous intrusive origin, 
batholiths being good examples.
As a consequence of the arid climate during the last 
two-thirds of Tertiary time, there was a great 
accumulation of Tertiary sediments in most big fault- 
block valleys. This was due to there being no streams to 
carry further sediment that had been washed out of the 
mountains during rains (Ibid, p. 15).
The region ceased to be a desert with the coming of 
the Pleistocene ice ages. The glaciation was important 
in terrain development, yet despite the northerly 
location and high altitude of this region, glaciers were
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Figure 4 ; Important geological events in the Northern 
Rockies (From Alt and Hyndman, 1972).
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curiously of only modest extent (Hunt, 1967, p. 267).
Ice extended from Canada into the U.S. for only about 100 
miles, and alpine glaciers and Cordilleran ice pushed 
southward along the trenches (see geomorphology ahead). 
Locke and Semerad, (1988, p. 428), reconstructed the 
probable ice thicknesses over ranges south of Glacier 
National Park, and concluded that there was an ice dome 
centered over the South Fork Flathead river valley, and 
that Cordilleran ice probably did not affect the area.
There has been a minimum of three glacial advances 
in the region (Dort, 1962 and Stanford and Breckenridge, 
1988). One especially large valley glacier (part of the 
Cordilleran Ice Sheet), flowed out of Canada as far south 
as Pend Oreille Lake in northern Idaho, where it dammed 
the Clark Fork River and formed the vast Glacial Lake 
Missoula in Western Montana, which was over 186 miles 
long and 1,969 feet deep (Fairbridge, 1975, p. 629). It 
has been estimated to have once covered as much as 3,300 
square miles (Alden, 1953). This lake drained suddenly 
when the ice dam broke, scouring the floors of several 
valleys into coulees, and then spilled over into eastern 
Washington, carving the Scablands (rough dissected land). 
Giant ripple marks were also formed.
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Glaciation, plus the ensuing stream systems, ended 
the accumulation of Tertiary valley fill of the previous 
arid times and even removed about 1000 feet of such 
sediments, with about 2000 or 3000 feet still left (Alt 
and Hyndman, 1972, p. 16).
Most big valleys now have a deep stream system, cut 
into Tertiary valley fill sediments, between high benches 
or terraces of the original valley fill.
The Northern Rocky Mountain Region is still an area 
of tectonic activity with many mountain and valley blocks 
still moving. Streams continue to cut down and carry 
away the valley fill sediments. Even Holocene glaciers 
are now almost all gone, with the few that remain not 
performing significant erosion.
2.1.2; Geology
As previously stated there are two main rock types 
in this region. One type is mainly granite, the main 
intrusive igneous rock of the Idaho Batholith, and the 
other is metasedimentary rock (slightly metamorphosed 
sedimentary rock) (Figure 5). These rocks are dealt with 
separately below.
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Figure 5; Geology of Western USA (From Thornbury, 1967).
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2.1.3.: Intrusive Igneous Rock
The Idaho Batholith is exposed over approximately 
16,000 square miles (Shimer, 1972, p. 85) of central and 
southern Idaho, and a very small portion of southwestern 
Montana. It is one of the largest batholiths known and 
is of Cretaceous age (Graf, 1987, p. 214). The Boulder 
batholith of Montana, and some other small intrusives, 
are related to the Idaho batholith. The Idaho batholith 
consists of large masses of fairly uniform rock, largely 
quartz monzonite, surrounded by an older, more calcic 
dioritic border zone (Ross, 1963b, p. 26). Large surface 
areas of the Idaho batholith are underlain by rocks 
almost uniformly resistant (Fenneman, 1931 p. 185) , and 
deeply weathered (Hunt, 1967, p. 26).
The batholith's structure is complex, but can be 
broadly divided into the Bitterroot lobe north of the 
Salmon River, and the Atlanta lobe south of the river 
(Talbot, 1977, citing Armstrong, 1975). Eastward, toward 
the Salmon river near Riggins, there are multiple 
thrusts, but recumbent folds become more common (Talbot, 
1977, citing Hamilton, 1963, and Onasch, 1976). By age 
it is composed of 3 main intrusions: (1) older
intrusions of granodiorite and related rocks, (2) younger 
intrusions of light colored quartz monzonite, and (3)
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intrusions of a still younger pink quartz monzonite 
(Idaho Earth Science, 1967, p. 10).
2.1.4: Metasedimentary Rock
These rocks are also commonly known as the Belt 
Supergroup, Beltian, or Belt Series, and are exposed 
nearly continuously across an area of about 30,000 square 
miles in the U.S.A. (King, 1976, p. 51). They occupy 
most of northern Idaho and northwestern Montana (Figure 
5), and formed when the area now characterized by the 
Northern Rockies received a great thickness of mainly 
carbonate-enriched sediment (sometimes over 40,000 feet 
thick, according to Obradovich and Peterman (1968) during 
the late Precambrian. These rocks are well-preserved and 
throughout much of this expanse, they are merely tilted 
or warped, broken into coarse-textured fault-blocks, and 
subjected only to lower grades of metamorphism (King,
1976, p. 51).
The Belt rocks are a huge assemblage of rather 
somber-hued, fine-grained, clastic rocks, with 
subordinate carbonate rock, that display broad 
similarities throughout the region (Ross, 1963a, p. 1). 
The fine-grained clastic rocks make up various sequences 
of siltite, argillite, and quartzite, lithologie terms 
used to refer to slightly metamorphosed siltstone,
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claystone and sandstone respectively (Obradovich and 
Peterman, 1968, p. 737) . However, for some of the 
younger units along the eastern part, the plain 
sedimentary terms may be more appropriate, due to the 
extreme subtlety of metamorphism, where present (Ibid, p. 
737) .
Most Belt rock has been so little metamorphosed that 
its sedimentary character is obvious (Ross, 1963a, p. 2) . 
The more highly metamorphosed parts of the Belt rocks are 
restricted to small areas where dynamic metamorphism 
produced slates and phyllites, and to areas of contact 
metamorphism along the borders of large granitic masses, 
like the Idaho batholith (Obradovich and Peterman, 1968, 
p. 738)♦ The Prichard Formation (Cressman, 1988) in 
Montana, also appears to be more highly metamorphosed 
than most other Belt rocks (Ross, 1963a, p. 41).
2.2: Geomorpholoqv
There are two very broad categories of landforms in 
the study area: those on the Idaho batholith and those
on the Belt rocks. The latter are further subdivided 
into 2 groups after Fenneman (1931), being, Canadian 
Border Mountains, and Southern Montana Mountains (Figure 
3). The Idaho Batholith Mountains are characterized by 
large sprawling mountains incised by dendritic drainage
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which displays little lineation of topography (Thornbury, 
1965, p. 385). The Belt Mountains are linear, with north 
to northwest trends, and are separated by broad basins of 
probable tectonic origin, with normal and reverse 
faulting quite common (Rocky Mountain Association of 
Geologists, 1972, p. 29). Between the ranges are 
numerous linear troughs and grabens partially filled with 
late Tertiary and Quaternary continental deposits, the 
latter which include glacial debris (Fairbridge, 1975, p. 
629). Most of the relief seen today in the Rockies is 
the product of post-orogenic uplift that occurred in late 
Tertiary time (Graf, 1987, p. 214).
2.2.1. Study area physical 
basin characteristics 
Some relevant physical characteristics of the study 
area basins are now presented, with the aim of 
demonstrating that the basins do not differ significantly 
in terms of physical features other than geology.
Regarding these physical characteristics, several 
aspects were investigated (Tables 6 and 7). All 
information was extracted from the topographic sheets 
indicated on the tables. Footnotes 1-13 clarify 
derivations for each physical characteristic, about half 
resulting from subjective author estimates and half from
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Table 6: IntrusIves, Some Basin Physical Characteristics
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more objective means. Some general statements are now 
made concerning these characteristics.
The mean for mean divide elevation for the Intrusive 
rocks comes to 8067 ft, while that for Metasediments is 
4700ft, showing Intrusives to have much higher divides on 
average than Metasediments. However, standard deviations 
are very high.
The mean for highest divide elevation for the 
Intrusives is 9072 ft, while for Metasediments it is 
7394 ft, again showing Intrusives standing higher.
Though again, standard deviations are very high.
Mean basin elevation, (which generally affects 
precipitation receipts), comes to 5761 ft for Intrusives 
and 4723 ft for Metasediments, showing a 1000-foot 
difference in average basin heights between the two rock 
types. (Though again standard deviation are high).
Gage heights and relative reliefs are also higher 
for the Intrusives, although mean basin slope, taken from 
the longest stream per basin, shows the Metasediments 
having the slightly higher value of 166 ft/mile, and the 
Intrusives the slightly lower value of 159 ft/mile. 
Although again, standard deviations are high.
Basin slopes therefore appear similar between 
terranes, even though variable within, indicating
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comparable basins in terms of basin slope. However, some 
slight differences exist in terms of elevations as 
mentioned earlier, with Intrusive Basins being slightly 
higher than Metasedimentary Basins.
Notable, however, is the fact that in approximately 
half the cases, variations within terranes (standard 
deviations) are higher for Metasediments, whereas in the 
other half, Intrusives have the higher standard 
deviations. Therefore, on average, no one terrane 
exhibits distinctly greater within-variation than the 
other.
Basin shape, also known to affect basin hydrology, 
is similar between basin terranes, there being 
approximately 3 3% elongate shapes, 3 3% pear shapes and 
33% both leaf and circular shapes.
Basin orientation, known to affect precipitation 
receipts in combination with prevailing moisture-bearing 
wind directions, show slight differences between basins. 
Intrusive basins face more to the west than to the east 
(includes north and south components), thereby probably 
enhancing their capacity to trap moisture from the 
prevailing westerly winds. Metasedimentary basins 
neither face more to the east nor to the west (includes 
north and south components).
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Lake percentages of basin areas could also affect 
low flows, large percentages increasing low flows the 
most, and generally making flows more moderate than 
extreme. However, these percentages are very low for 
both terranes, the average being 1.3% for Intrusives and 
2% for Metasediments, with Metasediments thereby having 
the slightly greater occurrence of lakes per basin area.
Regarding location of the lakes, those in the lower 
parts of basins should have a more moderating effect on 
the low flows than those in the upper parts of basins. 
For the Intrusives, 3 of the lakes had lower basin 
locations, while for the Metasediments the figure was 2, 
again indicating the negligible effect of lakes.
Swamps proved to be almost non-existent in both 
terranes; therefore their effect on low flows should be 
negligible.
The percentages of forest and brushland covering 
basin areas show little variation between terranes. All 
but five basins in the Intrusives have vegetal coverings 
greater than 90%, whereas all but three basins in the 
Metasediments have covers greater than 90%.
2.3; Climate
Being a mountain region, climate here varies 
considerably from place to place (see Appendices).
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Visher (1954) noted that the Northern Rocky Mountain 
Region Weather stations receive, on average, only about 
twice as much snow as nearby lowlands. He pointed out, 
however, that most weather stations are located in 
valleys and therefore do not record the higher 
precipitation amounts actually received on the mountain 
slopes.
A wide range of climates also occurs in northern and 
eastern Idaho due to the great variation in relief. 
However, being about 300 miles east of the Pacific Ocean, 
it experiences the maritime influence of prevailing 
westerly winds, especially in winter. The east is more 
continental than the north or west (Ibid, p. 295).
The climate west of the continental divide is termed 
a Modified Western Pacific Coast Type (Climates of the 
States, 1978, p. 578), which is less extreme than that 
east of the divide in Montana. The Northwestern Montana 
mountains and valleys experience a more moderate and 
moist maritime climate being more influenced by air 
masses from the Pacific, whereas the southwest mountains 
and valleys have a continental climate, being less 
affected by maritime conditions (Montana Agricultural 
Experiment Station, 1982, p. 14).
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Subsequent to this more general treatment of climate 
in the study area, the next section looks at climate in 
more specific basin terms.
2.3.1: Study area basin climate characteristics
Regarding climatic characteristics of the basins, 
some relevant precipitation and temperature information 
is shown in tables 8 and 9. These values were taken from 
maps in Climates of the States. 1978, by subjectively 
estimating the mean or middle value per basin. All 
summaries were calculated by the author.
Intrusives have an overall mean annual precipitation 
of 31 inches, with a standard deviation of 14 inches, 
while values for Metasediments are 33 inches and 12 
inches respectively. The means are therefore similar, 
although both terranes experience fairly high variations 
or ranges in mean annual precipitation per basin.
Intrusive and Metasediment basins both experience a 
mean July temperature of 64"F and a standard deviation of 
3 "F. Mean January temperatures are 20 and 22*F 
respectively for Intrusive and Metasedimentary basins, 
with 3 "F being the standard deviation for each terrane. 
The mean annual temperature range for Intrusives is 44"F, 
and for Metasediments it is 42"F, with standard 
deviations respectively of 3 and 2"F. These figures
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Table 8: Intrusives, Some Basin Climatic Characteristics
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Table 9: Metasediments, Some Basin Climatic Characteristics
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demonstrate similarity in terms of temperature 
characteristics per geologic terrane.
2.4: Soils
2.4.1.: Study area basin soil characteristics
Soils of the Intrusive rocks (Table 10) consist of 
Inceptisols-Alfisols combinations, Inceptisols, Rock 
outcrop and Talus, and Mollisols, the most widespread 
generally being Inceptisols.
Soils of the Metasedimentary rocks (Table 11) 
consist of Inceptisols-Alfisols combinations,
Inceptisols, Inceptisols (Andie) and Rock outcrop and 
Talus, again the most widespread being Inceptisols.
Inceptisols, therefore, are the most common soils of 
both terranes. They are soils with weakly differentiated 
horizons compared to mature soils, and retain close 
resemblances to parent material (Buol, Hole, and 
McCracken, 1989). Salient features involve: highly
resistant parent material: abundance of volcanic ash;
extreme landscape positions (i.e. steep land and 
depressions); young geomorphic surfaces which limit soil 
development; and exclusion by definition from aridic soil 
moisture regimes (Buol, Hole, and McCracken, 1989).
Alfisols and Mollisols also occur within the study 
area. Alfisols are characterised by clay-enriched
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horizons, moderate organic matter accumulation, and a 
gray to brown color, while Mollisols have dark-colored, 
friable, organic-rich surface horizons, and are high in 
bases (Kimerling, and Jackson, 1985) .
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Gage # Name Major Soil Types’ (Orders and/or Great Groups)
M O N T A N A
12343400 E.F. Bitterroot Inceptisols (Cryochrepts-Ustochrepts-Cyrorthencs)
12346500 Skalkaho Ck Inceptisols (Cryochrepts-Ustochrepts-Cyrorchents)
12347500 Blodgett Ck Inceptisols (Cryochrepts-Ustochrepts-Chyrorthents) 
Rock Outcrop and Talus-Cryoborolls-Cryochrepts
06033000 Boulder R Inceptisols-AlfIsols (Cryochrepts-Cryoboralfs-Cryoborolls)
06061500 Prickly Pear Ck Inceptisols-AlfIsols (Cryochrepts-Cryoboralfs-Cryoborolls)
06062500 Tenmlle Ck Inceptisols-Alfisols (Cryochrepts-Cryoboralfs-Cryoborolls)
I D A H 0
12392300 Pack R Inceptisols (Cryandepts)
13185000 Boise R Mollisols (Arglxerolls)
13186000 S.F. Boise Mollisols (Arglxerolls)
13200000 Mores Ck Mollisols (Arglxerolls)
13235000 S.F. Payette Inceptisols (Cryandepts)
13313000 Johnson Ck Inceptisols (Cryandepts)
13336500 Selway R Inceptisols (Cryandepts)
13337000 Lochsa R Inceptisols (Cryandepts)
13338500 S.F. Clearwater Inceptisols (Cryandepts)
’in terns of Orders and/or Great Group(s) comprising more than 50% of basin area. 
(USDA, ses, 1978 and Klmberling and Jackson, 1985).
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Table 11: Mecasedlmencs. Soil Orders and/or Great Groups.
Gage# Name Major Soil types (Orders and/or Great Groups)
MON
12302000
12303100
12342500
12358500
12359800
12361000
12365000
12389500
12390700
TANA
Fisher R.
Flower Ck.
Inceptisols-Alfisols (Cryochrepts-Eutroboralfs-Eutrochrepts) 
Inceptisols-Alfisols (Cryocrepts-CryoboraIfs-Eutroboralfs)
Inceptisols-Alfisols (Cryochrepts-Euroboralfs-Eutrochrepcs>
Inceptisols (Cryochrepts-Ustochrepts-Eutroboralfs) 
W.F. Eitteroot R Inceptisols (Cryochrepts-Ustochrepts-Cyrorchents)
M.F. Flathead R 
S.F. Flathead R
Sullivan Ck 
Stillwater R 
Thompson R 
Prospect Ck
Rock outcrop and talus-CryoborolIs-Cryochrepts)
Inceptisols (Andie) (Cryochrepts-Cryandepts)
Inceptisols (Andlc) (Cryochrepts-Cryandepts)
Rock Outcrop and talus-Cryoborolls-Cryochrepts 
Inceptisols (Andlc) (Cryochrepcs-Cryandepts)
Inceptisols-Alfisols (Cryochrepts-Cryoboralfs-Eutroboralfs)
Inceptisols (Cryochrepts-Ustochrepts-Eutroboralfs)
Inceptisols (Andie) (Cryochrepts-Cryorthents)
I D A H 0
12305500 Boulder Ck Inceptisols (Cryandepts)
12311000 Deep Ck Inceptisols (Cryandepts)
12411000 Coeur D'Alene Inceptisols (Cryandepts)
12413140 Placer Ck Inceptisols (Cryandepts)
12414500 St. Joe R Inceptisols (Cryandepts)
12416000 Hayden Ck Inceptisols (Cryandepts)
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Chapter 3: Analysis and Discussion
3,1; Low Flow Frequency Analysis
There are a total of 60 low flow frequency curves 
produced for this analysis (Appendix B). For 30 of the 
curves, the lowest average 1-day flow for each climatic 
year was singled out, ranked, and tabulated by hand for 
each gage station. The U.S.G.S. plotting position 
formula (Chapter 1) was used to determine recurrence 
intervals. The data were then plotted on U.S.G.S. 
recommended graph paper for low flow frequency curves 
(Form 9-179b, logarithmic ordinate scale: Y axis =
discharge, X axis = recurrence interval). Smooth curves 
were then drawn by eye to properly interpret or 
approximate the trends of the plotted points. The other 
30 curves are the 7-day low flow frequency curves. These 
involved the same procedures as the 1-day curves, except 
that the lowest average flow for 7 consecutive days was 
calculated (by hand) and used instead of that for 1 day. 
The 7-day curves should reflect more stable conditions
due to the use of average discharge, rather than just one
(sporadic) day's lowest discharge per year.
There are a total of 8 low flow frequency indices
which were extracted from the curves (Table 3).
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Specifically these are:
1. 1-day discharge at the 2-year recurrence 
interval in cfsm and in ratio to the mean 
discharge.
2. 1-day discharge at the 10-year recurrence 
interval in cfsm and in ratio to the mean 
discharge
3. 1-day discharge at the 20-year recurrence 
interval in cfsm and in ratio to the mean 
discharge
4. 7-day discharge at the 2-year recurrence 
interval in cfsm and in ratio to the mean 
discharge, (Latter is also the baseflow index 
below).
5. 7-day discharge at the 10-year recurrence 
interval in cfsm and in ratio to the mean 
discharge
6. 7-day discharge at the 20-year recurrence 
interval in cfsm and in ratio to the mean 
discharge
7. Baseflow Index (ratio of 7-day 2-year discharge 
to mean annual discharge for years of record).
8. Slope Index (ratio of 7-day 2-year discharge to 
the 7-day 20-year discharge).
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Those indices in ratio-to-mean discharges are considered
more reliable or comparable than those in cfsm because
they are dimensionless. The 1-day and 7-day, 2, 10, and
20-year discharges in cfsm and in ratio to the mean for
the study area gages are shown in tables 12, 13, 14, and
15 (ie, all low flow frequency indices except slope and
baseflow indices). Some indices could not be calculated
owing to a variety of reasons. Most commonly, the
discharges at the 20-year recurrence interval could not
be determined because the station had less than 19 years
of data (that is, with the U.S.G.S. plotting position
formula of 19 years of record is the minimum numberm
of years required to get a recurrence interval of at 
least 20 years). Such stations include: East Fork
Bitterroot, Prickly Pear, Fisher River, South Fork 
Flathead, Sullivan Creek, and Placer Creek. Ties in the 
ranking could also cause a station having at least 19 
years of record, not to have a curve extending to the 20- 
year recurrence. The only case is the Pack River.
Lastly, stations with the minimum 1- or 7-day 
discharges of zero could not be adequately dealt with due 
to the Y axis being in logarithm form. Only one case, 
Tenmile Creek, which also had ties, was observed here.
Viewing these indices in terms of just means,
(tables 12, 13, 14 and 15 ie., all indices except slope
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Tab le  12: Intrusives: I-d a y  2, 10, and 20 -ye ar low flow  discharges in c fsm  and in ra tio  to the mean
discharge
Gage
Station Raw
(cfs)
2-year 
cfsm Ratio to 
mean
Raw
(cfs)
10-year
cfsm Ratio to 
mean
Raw
(cfs)
20-year
cfsm Ratio to 
mean
E.F. Bitterroot 43.5 .1141 .1484 29 .0761 .0989 (<19 years data)
Skalkaho Ck 17 .1936 .1827 14.2 .1617 .1526 13.5 .1537 .1451
Blodgett Ck 4.4 .1698 .0619 1.9 .0733 .0267 1.4 .0540 .0197
Boulder R 11 .0288 .0887 5.1 .0133 .0411 4.3 .0112 .0346
Prickly Pear Ck 10.2 .0531 .2318 6.8 .0354 .1545 ( < I9  years data)
Tenmile Ck .35 .0107 .0194 ( 7 z e ros a n d  a tie)
Pack R 25 .2016 .0776 18 .1451 .0559 16.8 .1354 .0521
Boise R 233 .2807 .1919 162 .1951 .1334 147 .1771 .1210
S.F. Boise R 145 .2283 .1781 107 .1685 .1314 101 .1590 .1240
Mores Ck 26 .0651 .0852 11 .0275 .0360 9.65 .0241 .0316
S.F. Payette R  210 .4605 .2348 170 .3728 .1901 160 .3508 .1789
Johnson Ck 50 .2347 .1404 34.5 .1619 .0969 33 .1549 .0926
Selway R 425 .2225 .1110 270 .1413 .0705 224 .1172 .0585
Lochsa R 320 .2711 .1099 200 .1694 .0687 175 .1483 .0601
S.F. ClearwaterR 129 .1121 .1174 108 .0939 .0983 105 .0913 .0956
Mean .1764 .1319 .1310 .0967 .1314 .0844
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Tab le  13: Intrusives: 7 -d ay  2, 10, and 20 -year low flo w  discharges in cfsm and in ratio to the mean
discharge
Gage
Station Raw
(cfs)
2-year 
cfsm Ratio to 
mean*
Raw
(cfs)
10-year
cfsm Ratio to 
mean
Raw
(cfs)
20-year
cfsm Ratio to 
mean
E.F. Bitterroot R  62 .1627 .2116 39 .1023 .1331 (<19 years data)
Skalkaho Ck 19 .2164 .2043 17 1936 .1827 16.5 .1879 .1774
Blodgett Ck 5.2 .2007 .0732 2.05 .0791 .0288 1-55 .0598 .0218
Boulder R 13 .0341 .1048 5.6 .0146 .0451 4.55 .0119 .0366
Prickly Pear Ck 12.2 .0635 .2772 - 7.8 .0406 .1772 (<19 years data)
Tenmile Ck .43.0137 .0250 .098 .0029 .0054 .027 .0008 .0015
Pack R 26.9 .2169 .0835 19.1 .1540 .0593 (Tie)
Boise R 288 .3469 .2372 210 .2530 .1729 197 .2373 .1622
S.F. Boise R 175 .2755 .2149 144 .2267 .1769 140 .2204 .1719
Mores Ck 27.8 .0696 .0911 11.9 .0298 .0390 10.2 .0255 ,0334
S.F. Payette R 255 .5592 .2852 213 .4671 .2382 202 .4429 .2259
Johnson Ck 62 .2910 .1741 43 .2018 .1207 40 .1877 .1123
Selway R 480 .2513 .1254 322 .1685 .0841 289 .1513 .0755
Lochsa R 360 .3050 .1236 234 .1983 .0803 205 .1737 .0704
S.F. ClearwaterR 152 .1321 .1384 130 .1130 .1183 130 .1130 .1183
Mean .2092 .1579 1496 .1108 .1510 .1006
*This is also the baseflow index (ahead).
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Tab le  14: Metasediments: 1-day 2. 10, and 2 0 - year low flo w  discharges in cfsm and in ratio to the
mean discharge
Gage
Station Raw
(cfs)
2-year 
cfsm Ratio to 
mean
Raw
(cfs)
10-year
cfsm Ratio to 
mean
Raw
(cfs)
20-year
cfsm Ratio to 
mean
Fisher R 82 .1051 .1544 63 .0807 .1186 (<19 years data)
Flower Ck 4.4 .3963 .1629 3.8 .3423 .1407 3.7 .3333 .1370
W.F. Bitterroot R 43 .1356 .1487 1.5 .0047 .0051 .76 .0023 .0026
M.F. Flathead R  362 .3209 .1245 237 .2101 .0815 220 .1950 .0757
S.F. Flathead R  220 .1896 .0952 160 .1379 .0692 (<19 years data)
Sullivan Ck 23.4 .3281 .1030 17.6 .2468 .0775 (<!9 years data)
Stillwater R 60 .1145 .1724 48 .0916 .1379 47 .0896 .1350
Thompson R 94 .1464 .2025 79.9 .1244 .1721 77.5 .1207 ,1670
Prospect Ck 41.3 .2269 .1658 31.7 .1741 .1273 31.4 .1725 .1261
Boulder Ck 8.05 .1437 .0676 4,04 .0721 .0339 3.25 .0580 .0273
Deep Ck II.1 .0834 .0750 7.25 .0545 .0489 6.66 .0500 .0450
Coeur D'Alene R  73 .2179 .1018 51 .1522 .0711 47 .1402 .0655
Placer Ck 2.97 .1993 .0802 .64 .0429 .0172 (<19 years data)
St. Joe R 303 .2941 .1283 180 .1747 .0762 150 .1456 .0635
Hayden Ck 3.28.1490 .1214 2.17 .0986 .0803 1.9 .0863 .0703
Mean .2033 .1269 .1338 .0838 .1266 .0831
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Tab le  15: Metasediments: 7 -d ay  2, 10, and 20 -year low flo w  discharges in cfsm and in ratio to the
mean discharge
Gage
Station Raw
(cfs)
2-year 
cfsm Ratio to 
mean*
Raw
(cfs)
10-year
cfsm Ratio to 
mean
Raw
(cfs)
20-year
cfsm Ratio to 
mean
Fisher R 88 .1128 .1657 78 .1000 .1468 (<19 years data)
Flower Ck 4.85 .4369 .1796 4.1 .3693 .1518 4 .3603 .1481
W.F. Bitterroot R 54 .1703 .1868 1.6 .0050 .0055 .84 .0026 .0029
M.F. Flathead R  405 .3590 .1393 275 .2437 .0946 250 .2216 .0860
S.F. Flathead R 249 .2146 .1077 193 .1663 .0835 (<19 years data)
Sullivan Ck 26 .3646 1145 21 .2945 .0925 (<19 years data)
Stillwater R 62 .1183 .1781 52.5 .1001 .1508 51 .0973 .1465
Thompson R 128 .1993 .2758 96 .1495 .2068 91.5 .1425 .1971
Prospect Ck 42 .2307 .1686 35 .1923 .1405 34.8 .1912 .1397
Boulder Ck 8.55 .1526 .0718 4.8 .0857 .0403 4.2 .0750 .0352
Deep Ck 12.6 .0947 .0851 8.15 .0612 .0550 7.45 .0560 .0503
Coeur D ’Alene R 78.5 .2343 .1094 55.8 .1665 .0778 52 .1552 .0725
Placer Ck 3.3 .2214 .0891 .76 .0510 .0205 (<19 years data)
St. Joe R 330 .3203 .1398 223 .2165 .0944 202 .1961 .0855
Hayden Ck 3.5 .1590 .1296 2.28 .1036 .0844 2.08 .0945 .0770
Mean .2259 .1427 .1536 .0963 .1447 .0946
"This is also the baseflow index (ahead).
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and baseflow indices) and comparing these for each rock 
type, the following general observations can be made:
1. Each set of cfsm means comparisons disagrees 
with the alternate hypothesis except for the 1- 
day and 7-day 20-year cfsm means. That is, 
cfsm means are in each case lower for the 
Intrusives than for the Metasediments, except 
for the 1-day and 7-day 20-year cfsm means.
This could be due to instability caused by the 
20-year indices being fewer in number than the
2-year or 10-year indices.
2. Each set of comparisons between the ratio-to- 
mean-discharge means agrees with the alternate 
hypothesis. In other words, in-ratio-to-mean- 
discharge means are always higher for the 
Intrusives than for the Metasediments.
However it is realized that simple differences 
between means of two groups do not imply that the groups 
are different and necessarily come from two different 
populations. Ideally one should compare differences 
between groups with differences within groups, i.e. 
Analysis of Variance (ANOVA). ANOVA is a parametric 
statistical test, and as such, requires that a set of 
assumptions about the underlying populations be met.
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However, due to a lack of knowledge about the population 
of low flow indices and to small and varying sample 
sizes, a nonparametric statistical test was chosen for 
use here. This test is the Wilcoxon Rank Test for two 
independent samples, equivalent to the Mann-Whitney Test, 
(Wonnacott and Wonnacott, 1985, p. 472), which tests 
whether the two underlying populations are identical or 
not. It uses ranks and not actual values, and therefore 
does not consider the index means.
The null hypothesis that the two underlying 
populations are identical for all comparisons was tested. 
The alternate hypothesis is that the Intrusives have 
higher low flows than the Metasediments. This 
alternative implies higher indices for the Intrusives in 
all tests except the slope indices for both flow 
frequency and flow duration. Therefore, the use of a 
one-tailed or one-sided test is appropriate. The level 
of significance was chosen to be 0.05 for all tests. 
Details of the tests, plus calculations, are all 
available in Appendix D.
Regarding test results for the 1 and 7-day 2, 10, 
and 20-year low flow indices of tables 12, 13, 14 and 15, 
there was no single case of rejection of the null
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hypothesis at the .05 level of significance. All results 
were highly nonsignificant.
Therefore, test results give no reason to reject the 
null hypothesis, and thus the several low flow indices in 
cfsm and in ratio-to-the-mean are all essentially drawn 
from the same statistical population. Any variations in 
indices by rock type are due to chance causes and do not 
indicate the presence of two contrasting rock types in 
the low flow discharge population.
The baseflow index, as noted earlier, isolates 
geologic effects on lowflows and indicates amounts of 
storage held as goundwater, snow, or ice in a basin. If 
one excludes streams originating at glaciers or draining 
perennial snowfields, the effect of geology on low flows 
can be appraised (Hidaka, 1973, p. 13). Because streams 
in the study area are neither glacial nor have perennial 
ice and snow, the index indicates the geologic effect.
Low baseflow indices indicate minor contributions of 
groundwater and/or small groundwater storage, both of 
which suggest poor permeability characteristics in the 
basin. Alternately, high baseflow indices indicate 
substantial contributions of groundwater and/or large 
groundwater storage, suggesting in turn generally 
permeable basin materials.
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Baseflow indices for the Intrusive rocks (table 16), 
have an average of .1579. The Metasediments average 
baseflow index is .1427. Therefore, the slightly higher 
index of the Intrusives could indicate slightly more 
permeable materials and a greater groundwater storage for 
this rock group than for the Metasediments.
However, this difference between the averages 
appears slight, and the Wilcoxon rank test shows it to be 
insignificant. Therefore, the sample data do not differ 
enough to reject the null hypothesis. It is then 
concluded that the sample baseflow indices do not differ 
enough to distinguish two separate types of streams 
draining the two different types of terrane.
The slope index is the ratio of the 7-day low flow 
discharge at the 2-year recurrence interval to that at 
the 20-year recurrence interval. Slope indices 
calculated for the study basins are shown in Table 17.
As noted earlier, small values of the index indicate 
permeable unconsolidated sediments with much groundwater 
in storage. Conversely, they can also indicate areas 
underlain by materials of low transmissibility, where 
groundwater contribution to streamflow is very slow.
Large slope indices indicate basins with small volumes of 
storage that can be drained rapidly (Hidaka, 1973, p.
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Table 16 Intrusives and Metasediments: Baseflow Indices*
Intrusives Index Metasediments Index
E.F. Bitterroot R .2116 Fisher R .1657
Skalkaho Ck .2043 Flower ck .1796
Blodgett Ck .0732 W.F. Bitterroot 1868
Boulder R .1048 M  F Flathead .1393
Prickly Pear Ck .2772 S.F. Flathead .1077
Tenmile Ck .0250 Sullivan ck .1145
Pack R .0835 Stillwater R .1781
Boise R .2372 Thompson R .2758
S.F. Boise R .2149 Prospect ck .1686
Mores Ck .0911 Boulder ck .0718
S.F. Payette R .2852 Deep ck 0851
Johnson Ck .1741 Coeur D’Alene .1094
Se 1 way R .1254 Placer ck .0891
Lochsa R .1236 St. Joe R .1398
S.F. Clearwater R .1384 Hayden Ck .1296
Mean 1579 Mean .1427
Wilcoxon W -  221 Probability » 0.316
*Same as the 7-day 2 year low flow in ratio to the mean discharge (tables 7 and 9 above).
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14). Also, snow and ice storage in basins exerts a 
regulating effect.
Table 17 shows differences in slope index averages, 
being 3.07 for Intrusives and 7.23 for Metasediments. 
However, close inspection of the basin indices per rock 
type reveals that the Intrusives have an index for 
Tenmile Creek (16.67) that is much higher than the rest 
of the Intrusives. The Tenmile Creek value is probably 
unrepresentative. The Metasediments have even a much 
higher value of 64.29 for the West Fork, Bitterroot 
River. If these two values, one in each rock type, are 
regarded as being unrepresentative, and discarded, then 
the slope index averages change considerably. The 
average for the Intrusives becomes 1.84 and that of the 
Metasediments becomes 1.52. These two averages now 
differ but slightly, indicating only small differences in 
the storage or transmission of groundwater betweem the 
two terranes. Nonetheless, the 1.84 average index of the 
Intrusives suggests that they contain comparatively 
smaller volumes of storage that can be more rapidly 
drained, whereas the 1.52 value of the Metasediments 
suggests either that they are comparatively more 
permeable and contain larger volumes of groundwater, or 
have comparatively lower transmissibilities, with
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Table 17: Intrusives and Metasediments: Slope Indices
Intrusives Index Metasediments Index
E.F. Bitterroot R (<19 yrs data) Fisher R (<19 yrs data)
Skalkaho Ck 1.15 Flower Ck 1.212
Blodgett Ck 3.35 W.F. Bitterroot R 64.29
Boulder R 2.86 M .F . Flathead R 1.62
Prickly Pear Ck (<19 yrs data) S.F. Flathead R (<19 yrs data)
Tenmile Ck 16.67 Sullivan Ck (<19 yrs data)
Pack R (T ie ) Stillwater R 1.22
Boise R 1.46 Thompson R 1.40
S.F. Boise R 1.25 Prospect Ck 1.206
Mores Ck 2.73 Boulder Ck 2.04
S.F. Payette R 1.26 Deep Ck 1.69
Johnson Ck 1.55 Coeur D'Alene R 1.51
Selway R 1.66 Placer Ck (<19 yrs data)
Lochsa R 1.76 St. Joe R 1.63
S.F. Clearwater R 1.17 Hayden Ck 1.68
Mean 3.07 Mean 7.23
without outlier without outlier
Mean 1.84 Mean 1.52
Wilcoxon W -  .104 
for without 
outlier means
Probability *  0.337 
for without 
outlier means
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groundwater therefore contributing very slowly to 
streamflow. it should be noted that these conditions 
stand in opposition to those implied by the alternate 
hypothesis.
Once again, a one-tailed, 0.05 significance level 
test is performed. The null hypothesis states that no 
difference exists between groups in terms of slope 
indices. The alternate hypothesis is that the slope 
indices for streams draining Intrusives are lower than 
for those draining Metasedimentaries. The test was 
performed twice, once on the means of all the indices of 
each terrane, and a second time exclusive of the 
unrepresentative outlier in each terrane. In both tests 
the result was nonsignificant. Therefore, statistically, 
there is no significant difference between the slope 
indices of the two terranes.
3.2: Flow Duration Analvsis
There are a total of sixteen flow duration curves, 
eight per terrane (Appendix C). As previously mentioned, 
the 90th percentile discharge consists almost exclusively 
of groundwater. Comparisons of the 90th percentile 
values, in cfsm and as ratios to the mean discharge, 
might indicate notable differences between streams 
draining the two rock types.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
70
Regarding cfsm values, the Intrusives have an 
average of .3215, whereas the Metasediments have an 
average of .2811 (Table 18). These suggest that the 
Intrusives provide a slightly higher groundwater 
contribution to streamflow per square mile of basin 
surface than do the Metasediments. This again indicates 
that the Intrusives are somewhat more permeable and 
furnish greater storage.
Statistical tests for flow duration indices are 
provided in Appendix E. The null hypothesis, 
significance level, and one-tailed nature of the tests 
remain the same for all. The alternate hypothesis is 
that the Intrusives have significantly higher 90% flow 
duration discharges (cfsm) than the Metasediments (which 
also implies that the slope indices (Table 19) for the 
Intrusives are lower than the Metasediments).
Test results show that the null hypothesis can not 
be rejected and also that there is no significant 
difference between streams draining the two terranes in 
terms of 90% flow duration discharge in cfsm.
As regards 90% flow duration discharges in ratio to 
the mean discharge (Table 18), the Intrusives have an 
average ratio of .2092, and the Metasediments an average 
of .1908. The slightly higher average of the Intrusives
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Table 18: Intrusives and Metasediments: 90% flow duration in cfsm and in ratio to the
mean discharge.
Intrusives Raw
(cfs)
cfsm Ratio to 
mean
Metasediments Raw
(cfs)
cfsm Ratio to 
mean
E.F. Bitterroot R  65 .1706 .2302 Fisher R 109 .1397 .2187
Skalkaho Ck 24.3 .2767 .2688 W.F. Bitterroot R 62 .1955 .2293
Pack R 40.6 .3274 .1232 Sullivan Ck 33 .4628 .1461
Boise R 310 .3734 .2677 Thompson R 158 .2461 .3374
Mores Ck 28.4 .0711 .1179 Boulder Ck 14.8 .2642 .1169
S.F. Payette R 270 .5921 .3352 Deep Ck 20.5 .1541 .1295
Selway R 645 .3376 .1659 Coeur D’Alene R 96 .2865 .1329
Lochsa R 500 .4237 .1647 St. Joe R 515 .5000 .2158
Mean .3215 .2092 Mean .2811 .1908
Wilcoxon W ■ 61 
Probability » 0.233 
(cfsm)
Wilcoxon W -  62
Probability ■ 0.264
(in ratio to mean discharge)
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might reflect the alternate hypothesis, that they indeed 
possess greater permeability and storage. However, upon 
testing, the results again demonstrate that the null 
hypothesis cannot be rejected.
Slope indices, analogous to those used in the low 
flow frequency analysis, comprise the last set of indices 
to be examined (Table 19). They are ratios of discharge 
diffrences between the 90% and 98% flow duration points. 
Identical slope indices result whether the 90% flow 
duration discharges used are in cfsm or as ratios to the 
mean discharge.
Comparing just the index means, the Intrusives have 
a value of 1.3925 and the Metasediments have a value of 
1.3895. These values are extremely close. However, the 
Intrusives have the slightly higher value, which goes 
against the alternate hypothesis here, (i.e. that 
Intrusives have lower slope indices than Metasediments).
Regarding the statistical test, once again the 
result is no significant difference between the rocks in 
the population.
3.3: Discussion
Each non-parametric test has proven to be decidedly 
nonsignificant. Streams in the two terranes seem to have 
similar low flow characteristics. They cannot be
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Table 19: Intrusives and Metasediments: Flow duration slope indices between the 90 and 98% 
probabilities.
Intrusives Index Metasediments Index
E.F. Bitterroot R 1.383 Fisher R 1.267
Skalkaho Ck 1.278 W.F. Bitterroot R 1.409
Pack R 1.623 Sullivan Ck 1.398
Boise R 1.239 Thompson R 1.316
Mores Ck 1.672 Boulder Ck 1.494
S.F. Payette R 1.174 Deep Ck 1.385
Selway R 1.343 Cœur D’Alene R 1.332
Lochsa R 1.428 St. Joe R 1.515
Mean 1.3925 Mean 1.3895
Wilcoxon W ■ 65 
Probability -  0.374
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distinguished statistically. Statistical similarity may 
be related to one or more of the following phenomena:
(1) employment of non-representative sampling techniques 
and small and varying sample sizes; (2) excessive 
subjectivity involved in fitting the graphs by eye; (3) 
tests of significance at the 0.05 level not meaningful 
for low flow indices; and (4) unappreciated complications 
introduced by stream basin and terrane characteristics, 
i.e. morphology-based rather than genetic-rock-type- 
based.
(1) (a) Sampling techniques could have been put at
fault by including basins underlain by as much as 30% 
non-typical rock. Maybe if basins of 100% of a specific 
rock type were chosen, significant differences could have 
been found. In the study area, attainment of such 
homogeneity was impossible.
(1) (b) Perhaps sample sizes were too small and 
variable, especially those for the flow duration 
analyses, to be representative of the population.
However, as noted earlier, almost every available gage 
that met the stated selection criteria was used in this 
study.
(2) All lines of best fit were drawn by eye. It is 
conceivable that had theoretical or mathematical fits
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been used, errors of subjectivity would have been 
eliminated, and both the curves and dependent indices 
could have been more representative of the population.
(3) The .05 level of significance may not have been 
meaningful here. Possibly a higher level like .10 or 
higher, would have adequately detected differences. But 
to evaluate this potentiality, the results of this study 
need to be compared with those of other workers in the 
field. Such kinds of studies have not yet been seen by 
the author.
(4) lastly, regarding unappreciated properties of 
the basins and terranes, some indication of potential 
complexities were noted in Chapter 1 under "Difficulties 
in Identifying Specific Low Flow Controls." Obviously, 
such complexities, and more, could have contributed to 
the non-significant results. However, without a 
comprehensive knowledge of all possible variables and 
interrelations for each basin, it is impossible to judge 
the degree of their control on achieving non-significant 
results. This type of judgment will have to be deferred 
for a long time, however, because even rudimentary 
pertinent information is currently unavailable.
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Chapter 4 ; Conclusion
In the preceding analyses, just by looking at simple 
averages, it was discovered that, for each index, there 
is a slight difference in average index per rock type. 
Also, in every case except two (flow frequency and flow 
duration slope indices and all other indices in cfsm 
other than the 2 low flow frequency 20-year indices and 
the one 90th percentile index), the results of these 
simple comparisons agreed with the stated alternate 
hypothesis. The slope indices however displayed averages 
that implied the opposite of the alternate hypothesis, 
i.e. that low flows of the intrusives were generally 
lower than the metasediments. It is also noted that in 
all cases differences in the averages appeared small.
Upon application of nonparametric statistical tests, 
however, each result turned out to be non-significant, 
meaning that any difference observed between streams 
draining the two terranes was due only to chance and not 
due to a difference between the populations.
Therefore, based upon the test results, it appears 
prudent to agree with Davis (1969, p. 61), who noted that 
the influence of rock type on gross permeability of rocks 
is not as large as one might expect, and that truly large
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differences in well yields between areas having different 
rock types are usually due to differences in the 
histories of weathering and/or fracturing of the rock 
rather than to lithologie differences.
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Appendix A: Precipitation and temperature maps
for Idaho and Montana (All from 
Climates of the States. 1978)
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Appendix B; Low flow frequency curves
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Low flow frequency curves; Intrusives
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Appendix D: Statistical tests for low flow
frequency curve indices
The Wilcoxon rank test for 2 independent samples is 
employed in all tests below. It tests the null hypothesis 
that the 2 underlying populations (rock types) are 
identical. The alternative hypothesis is that areas of 
intrusive rocks yield significantly higher lowflows than 
those of metasedimentary rocks, and therefore a one-sided 
(tailed) test is appropriate. (This implies higher indices 
for the Intrus ives in all tests except the 2 slope 
indices). Combined rankings of the 2 groups observations 
are performed, and these rankings are used in further 
analysis. It is therefore a distribution-free test. Then 
Wilcoxon's Rank Sum W is defined as the sum of all ranks in 
the smaller sample (Wonnacott and Wonnacott, 1984, p. 473.) 
There are however 2 conventions, viz: the smaller sample
is summed to get the W statistic, and ranking starts at the 
end where the smaller sample is concentrated. Then the 
prob-value for the null hypothesis is found by looking up 
the value of W in the appropriate table, when the size of 
the larger sample is 6 or less. For sample sizes greater 
than 6, W is approximately normal, with
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E(W) =  ̂ nĵ  (n^ + ng + 1)
and SE =  ̂ n 2 (n]̂  + H 2 + 1)
where E = Expected value, or mean of W
= Size of smaller sample 
H 2 = size of larger sample 
and SE = Standard error
The critical value is then standardized, viz
z = W - E(W)
SE
Then the prob-value (p-value) is found. The p-value is the 
probability of getting a value as extreme as the one 
observed (W, now z), assuming the null hypothesis is true.
Then the z value is looked up in the normal curve which
gives the p-value. The null hypothesis is rejected when 
the p-value is less than .05(5%), and not rejected with p- 
values of greater than .05(5%).
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T e s t#  1 : 1 -d a v  2 Y e a r lo w  f lo w s in  c fsm
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  217
.1141 8 .1051 6 E(W) -  H ( 1 5 ) (15+15+1) = 2 3 2 .5
.1936 16 .3963 29
.1698 14 .1356 10 SE -  y  1 /1 2 (1 5 ) (1 5 ) (1 5 + 1 5 + 1 )  -  24
.0288 2 .3209 27
.0531 3 .1896 15 Z -  217 - 2 3 2 .5  -  - .6 4 3
.0107 1 .3281 28 2 4 .1 1
.2016 18 .1145 9
.2807 25 .1464 12 P*r(W <217) -  P r (Z < - .6 4 3 )
.2283 22 .2269 21 -  .261
.0651 4 .1437 11 P -v a lu e  = 26%
.4605 30 .0 834 5
.2347 23 .2179 19 . * .  N u l l  h y p o th e s is  n o t  r e je c te d .
.2225 20 .1993 17
.2711 24 .2941 26 * P r  -  P r o b a b i l i t y
.1121 7 .1490 13
W - 217
T e s t#  2 : 1 -d a v  2 y e a r  lo w  f lo w s  i n  r a t i o  to  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  229
.1 4 8 4 19 .1544 21 E(W) -  4 (1 5 )(1 5 + 1 5 + 1 )  -  23 2 .5
.1827 26 .1629 22
.0 619 2 .1487 20 SE -  y  1 /1 2 (1 5 ) (1 5 ) (1 5 + 1 5 + 1 )  -  24
.0887 8 .1245 16
.2318 29 .0952 9 Z -  229 - 2 3 2 .5  = - .1 4 5
.0194 1 .1030 11 2 4 .1 1
.0776 5 .1724 24
.1919 27 .2025 28 Pr(W <229) -  P r (Z < - .1 4 5 )
.1781 25 .1658 23 -  . 440
.0852 7 .0676 3 P -v a lu e  -  44%
.2348 30 .0750 4
.1 404 18 .1018 10 . ' .  N u l l  h y p o th e s is  n o t  r e je c t e d .
.1 110 13 .0802 6
.1099 12 .1283 17
.1 1 7 4 14 .1214 15
W - 229
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T e s t#  3 ; 1-■dav 10 Y e a r lo w  f lo w s in  c fsm
I n t r u s i v e s Rank M e ta s e d im e n ts Rank W = 207
.0761 9 .0807 10 E(W) = H ( 1 4 ) (14+ 15+ 1) -  210
.1617 19 .3423 28
.0733 8 .0047 1 SE -  y  1 /1 2 (1 4 ) (1 5 ) (1 4 + 1 5 + 1 )  -  22
.0133 2 .2101 26
.0 3 5 4 4 .1379 15 Z -  207 - 210 -  - .1 3 1
.2468 27 2 2 .9 1
.1451 17 .0916 11
.1951 25 .1244 14 Pr(W <207) -  P r (Z < - .1 3 1 )
.1685 21 .1741 23 *“  . 448
.0275 3 .0721 7 P -v a lu e  =- 45%
.3728 29 .0545 6
.1619 20 .1522 18 .* .  N u l l  h y p o th e s is  n o t  r e je c te d .
.1413 16 .0429 5
.1694 22 .1747 24
.0939 12 .0986 13
W - 207
T e s t#  4 :  1 -d a v  10 y e a r  lo w  f lo w s  i n  r a t i o  t o  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  197
.0989 11 .1186 10 E(W) -  4 (1 4 )(1 4 + 1 5 + 1 )  = 210
.1526 4 .1407 5
.0267 27 .0051 29 SE -  y  1 /1 2 (1 4 ) (1 5 ) (1 4 + 1 5 + 1 )  -  22
.0411 24 .0815 14
.1545 3 .0692 20 Z -  197 - 210 -  - .5 6 7
•r 9 —' — .0775 16 2 2 .9 1
.0559 22 .1379 6
.1334 7 .1721 2 P r(W <197) -  P r (Z < - .5 6 7 )
.1314 8 .1273 9 -  .284
.0360 25 .0339 26 P -v a lu e  -  29%
.1901 1 .0489 23
.0969 13 .0711 18 . ' .  N u l l  h y p o th e s is  n o t  r e je c t e d .
.0705 19 .0172 28
.0687 21 .0762 17
.0983 12 .0803 15
W - 197
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I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  126
—  — —' ■" * V « « E(W) -  H i ( l l )  (11+ 12+ 1) -  132
.1537 16 .3333 22
.0540 5 .0023 1 SE -  y  1 /1 2 (1 1 ) (1 2 ) (1 1 + 1 2 + 1 )  -  16
.0112 2 .1950 21
-  - -  ’ -  — Z -  126 - 132 -  - .3 6 9
- • * - -  - - - 1 6 .2 5
.1 3 5 4 12 .0896 8
.1771 20 .1207 11 Pr(W <126) -  P r (Z < - .3 6 9 )
.1590 18 .1725 19 -  .356
.0241 3 .0580 6 P -v a lu e  -  36%
.0308 23 .0500 4
.1549 17 .1402 13 . * .  N u l l  h y p o th e s is  n o t  r e je c te d .
.1172 10 ---- ----
.1483 15 .1456 14
.0913 9 .0863 7
W = 126
T e s t#  6 : 1 -d a v  20 y e a r  lo w  f lo w s  i n  r a t i o  t o  mean d is c h a r g e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  129
»  — •m • E(W) -  4 (1 1 )(1 1 + 1 2 + 1 )  -  132
.1451 3 .1370 4
.0197 22 .0026 23 SE -  y  1 /1 2 (1 1 ) (1 2 ) (1 1 + 1 2 + 1 )  = 16
.0346 19 .0757 11
»  s m — —  — Z = 129 - 132 -  - .1 8 5
m — ____ •  - -  ■* 1 6 .2 5
.0521 17 .1350 5
.1210 8 .1670 2 Pr(W <129) -  P r (Z < - .1 8 5 )
.1240 7 .,.0 2 6 1 6 -  .425
.0316 20 .0273 21 P -v a lu e  -  43%
.1789 1 .0450 18
.0926 10 .0655 13 N u l l  h y p o th e s is  n o t  r e je c t e d .
.0585 16
.0 6 0 1 15 .0635 14
.0 9 5 6 9 .0703 12
W - 129
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Test# 7 • 7 -dav 2 year low flows in cfsm
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W = 222
.1627 11 .1128 6 E(W) -  h ( 1 5 ) (15+ 15+ 1) -  2 3 2 .5
.2 1 6 4 16 .4369 29
.2007 14 .1703 12 SE -  y  1 /1 2 ( 1 5 ) (1 5 )(1 5 + 1 5 + 1 ) -  24
.0 3 4 1 2 .3590 27
.0635 3 .2146 15 Z -  222 - 2 3 2 .5  -  - .4 3 6
.0137 1 .3646 28 2 4 .1 1
.2169 17 .1183 7
.3469 26 .1993 13 Pr(W <222) = P r ( Z < - .4 3 6 )
.2755 22 .2307 19 -  .330
.0696 4 .1526 9 P -v a lu e  — 33%
.5592 30 .0947 5
.2910 23 .2343 20 . ' .  N u l l  h y p o th e s is  n o t  r e je c te d .
.2513 21 .2 2 1 4 18
.3050 24 .3203 25
.1321 8 .1590 10
W - 222
T e s t#  8 * :  7 -d a v  2 y e a r  lo w  f lo w s  i n  r a t i o  t o  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank
.2116 25 .1657 18
.2043 24 .1796 22
.0732 3 .1868 23
.1048 8 .1393 16
.2772 29 .1077 9
.0250 1 .1145 11
.0835 4 .1781 21
.2372 27 .2758 28
.2149 26 .1686 19
.0911 7 .0718 2
.2852 30 .0851 5
.1741 20 .1094 10
.1 2 5 4 13 .0891 6
.1 2 3 6 12 .1398 17
.1 3 8 4 15 .1296 14
W =• 221
* T h is  i s  a ls o  th e b a s e f lo w  in d e x
W - 221
E(W) -  h ( 1 5 ) (15+15+1) -  2 32 .5
SE -  y  1 /1 2 ( 1 5 ) (1 5 )(1 5 + 1 5 + 1 ) -  2 4 .1 1
Z = 221 - 2 3 2 .5  -  - .4 7 7
2 4 .1 1
P r(W <221) -  P r (Z < - .4 7 7 )
-  .316 
P -v a lu e  “  32%
N u l l  h y p o th e s is  n o t  r e je c t e d .
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icavTr ,  . , -u a y  v e a r  J.OW EJ.OWS in  CS]
I n t r u s iv e s Rank M e ta s e d im e n ts Rank
.1023 12 .1000 10
.1936 21 .3693 29
.0791 8 .0050 2
.0146 3 .2437 26
.0406 5 .1663 17
.0029 1 .2945 28
.1 5 4 0 16 .1001 11
.2 5 3 0 27 .1495 15
.2267 25 .1923 20
.0298 4 .0857 9
.4671 30 .0612 7
,2018 23 .1665 18
.1685 19 .0510 6
.1983 22 .2165 24
.1130 14 .1036 13
W 230
W -  230
E(W) -  H (1 5 ) (15+15+1) = 2 3 2 .5
SE -  y  1 /1 2 (1 5 ) (1 5 ) (1 5 + 1 5 + 1 )  -  2 4 .1 1
Z = 230 - 2 3 2 .5  -  - .1 0 4
2 4 .1 1
Pr(W <230) -  P r (Z < - .1 0 4 )
“  . 460 
P -v a lu e  = 46%
T e s t#  10 : 7 -d a v  10 y e a r  lo w  f lo w s  I n  r a t i o  t o  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  222
.1331 20 .1468 22 E(W) = H ( 1 5 ) (15+15+1) -  2 3 2 .5
.1827 28 .1518 24
.0288 4 .0055 2 SE -  y  1 /1 2 ( 1 5 ) (1 5 )(1 5 + 1 5 + 1 ) -  24
.0451 7 .0946 17
.1772 27 .0835 12 Z -  222 - 2 3 2 .5  = - .4 3 6
.0054 1 .0925 15 2 4 .1 1
.0593 9 .1508 23
.1729 25 .2068 29 Pr(W <222) = P r (Z < - .4 3 6 )
.1769 26 .1405 21 -  .330
.0390 5 .0403 6 P -v a lu e  -  33%
.2382 30 .0550 8
.1207 19 .0778 10 . ’ . N u l l  h y p o th e s is  n o t  r e je c t e d
.0841 13 .0205 3
.0803 11 .0944 16
.1183 18 .0844 14
W - 222
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Test# 11: 7 -dav 20 year low flows in cfsm
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  132
- - — * <■ — « E(W) -  H ( l l ) (11+ 12+ 1) -  132
.1879 16 .3603 22
.0598 6 .0026 2 SE -  y  1 /1 2 (1 1 ) (1 2 ) (1 1 + 1 2 + 1 )  -  16
.0119 3 .2216 20
-  - -  - - - •  • Z -  132 - 132 -  0
.0008 1 -  - - • 1 6 .2 5
- - -  - .0973 9
.2373 21 .1425 11 Pr(W <132) = P r(Z < 0 )
.2 2 0 4 19 .1912 17 = . 50
.0255 4 .0750 7 P -v a lu e  — 50%
.4429 23 .0560 5
.1877 15 .1552 13 . ‘ . N u l l  h y p o th e s is  n o t  r e je c te d
.1513 12 -  ~
.1737 14 .1961 18
.1130 10 .0945 8
W =• 132
T e s t#  12 : 7 -d a v  20 y e a r  lo w  f lo w s  i n  r a t i o  t o  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  132
«• — E(W) -  4 (1 1 )(1 1 + 1 2 + 1 )  = 132
.1 7 7 4 21 .1481 18
.0218 3 .0029 2 SE = y  1 /1 2 (1 1 ) (1 2 ) (1 1 + 1 2 + 1 )  = 16
.0366 6 .0860 13
— » — — Z -  132 - 132 -  0
.0015 1 — — - - 1 6 .2 5
— — —■ « .1465 17
.1622 19 .1971 22 Pr(W <132) -  P r(Z < 0 )
.1719 20 .1397 16 -  .5 0
.0 3 3 4 4 .0352 5 P -v a lu e  “  50%
.2259 23 .0503 7
.1123 14 .0725 9 . • .  N u l l  h y p o th e s is  n o t  r e je c t e d
.0755 10
.0 7 0 4 8 .0855 12
.1183 15 .0770 11
W - 132
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Test# 13: Baseflow Index
T h is  i s  th e  7 -d a y  2 y e a r  lo w  f lo w  i n  r a t i o  to  th e  mean d is c h a rg e ,  and 
has a l r e a d y  b e e n  t e s te d  u n d e r t e s t  #8 abo ve .
T e s t#  14 : S lo n e  In d e x
The s lo p e  in d e x  i s  th e  r a t i o  o f  th e  7 -d a y  lo w  f lo w  d is c h a rg e  a t  th e  2
y e a r  r e c u r re n c e  i n t e r v a l , t o  t h a t  a t  th e  20 y e a r  re c u r re n c e  i n t e r v a l .
As n o te d  i n  t h i s  t e x t ,  th e  p re s e n c e  o f  o u t l i e r s  was s u s p e c te d , one i n  
each r o c k  g ro u p . T h e re fo r e ,  th e  t e s t  i s  p e r fo rm e d  f i r s t  on  a l l  th e  s lo p e
in d ic e s ,  and th e n  on a l l  b u t  th e  2 o u t l i e r s .
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I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  127
— — — — w » E(W) -  h ( l l ) (11+12+1) -  132
1 .1 5 1 1 .2 1 2 4
3 .3 5 21 6 4 .2 9 23 SE -  y  1 /1 2 (1 1 ) (1 2 ) (1 1 + 1 2 + 1 )  -  16
2 .8 6 20 1 .6 2 12
- - - - - • Z -  127 - 132 -  . .308
1 6 .6 7 22 — - — — 1 6 .2 5
- - - - 1 .2 2 5
1 .4 6 9 1 .4 0 8 Pr(W <127) = P r (Z < - .3 0 8 )
1 .2 5 6 1 .2 0 6 3 -  .378
2 .7 3 19 2 .0 4 18 P -v a lu e  -  38%
1 .2 6 7 1 .6 9 16
1 .5 5 11 1 .5 1 10 . ' .  N u l l  h y p o th e s is  n o t  r e je c te d
1 .6 6 14 - -
1 .7 6 17 1 .6 3 13
1 .1 7 2 1 .6 8 15
w 127
T e s t#  14b : S lo p e  In d ic e s  (e x c e p t  o u t l i e r s ' )
I n t r u s iv e s Rank M e ta s e d im e n ts Rank W -  104
« * m  m E(W) -  k ( 1 0 ) (10+11+1) -  110
1 .1 5 1 1 .2 1 2 4
3 .3 5 21 ( o u t l i e r ) SE -  y  1 /1 2 (1 0 ) (1 1 ) (1 0 + 1 1 + 1 )  = 14
2 .8 6 20 1 .6 2 12
■m .» — “ —  • - • Z =  104 - 110 = - .4 2 3
( o u t l i e r ) 1 4 .2
<# — —  — 1 .2 2 5
1 .4 6 9 1 .4 0 8 Pr(W <104) = P r (Z < - .4 2 3 )
1 .2 5 6 1 .2 0 6 3 -  .337
2 .7 3 19 2 .0 4 18 P -v a lu e  — 34%
1 .2 6 7 1 .6 9 16
1 .5 5 11 1 .5 1 10 . " .  N u l l  h y p o th e s is  n o t  r e je c t e d
1 .6 6 14
1 .7 6 17 1 .6 3 13
1 .1 7 2 1 .6 8 15
W - 104
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A p p e n d ix  E: S t a t i s t i c a l t e s t s f o r  f lo w  d u r a t io n  c u rv e  in d ic e s
T e s t#  15 : 90% f lo w d u r a t io n  d is c h a rg e i n  c fs g j
I n t r u s iv e s  Rank M e ta s e d im e n ts Rank W -  61
.1706 4 .1397 2 E(W) -  h ( 8 ) (8+ 8+ 1 ) -  68
.2767 8 .1955 5
.3274 10 .4628 14 SE -  y  1 /1 2 ( 8 ) (8 ) ( 8 + 8 + 1 )  -  9
.3734 12 -.2461 6
.0711 1 .2642 7 Z -  61 - 68 -  - .7 3 5
.5921 16 .1541 3 9 .5 2
.3376 11 .2865 9
.4237 13 .5000 15 Pr(W <61) -  P r (Z < - .7 3 5 )
-  .233
W 61 P -v a lu e  — 23%
N u l l  h y p o th e s is  n o t  r e je c t e d  
T e s t#  16 : 90% f lo w  d u r a t io n  d is c h a rg e  i n  r a t i o  t o  mean d is c h a rg e
I n t r u s iv e s Rank M e ta s e d im e n ts Rank
.2302 12 .2187 10
,2688 14 .2293 11
.1232 3 .1461 6
.2677 13 .3374 16
.1179 2 .1169 1
.3352 15 .1295 4
.1659 8 .1329 5
.1647 7 .2158 9
W - 62
W -  62
E(W) = h ( 8 ) (8+ 8+ 1 ) = 68
SE -  y  1 /1 2 ( 8 ) (8 ) ( 8 + 8 + 1 )  -  9 .5 2
Z — 62 - 68 - .6 3 0
9 .5 2
Pr(W <62) -  P r (Z < - .6 3 0 )
» .264  
P -v a lu e  — 26%
N u ll h y p o th e s is  n o t  r e je c t e d
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T e s t#  17 : F lo w  d u r a t io n  s lo p e  in d ic e s  b e tw e e n  th e  90 and 98% p r o b a b i l i t i e s
I n t r u s iv e s Rank M e ta s e d im e n ts Rank
1 .3 8 3 8 1 .2 6 7 3
1 .2 7 8 4 1 .4 0 9 11
1 .6 2 3 15 1 .3 9 8 10
1 .2 3 9 2 1 .3 1 6 5
1 .6 7 2 16 1 .4 9 4 13
1 .1 7 4 1 1 .3 8 5 9
1 .3 4 3 7 1 .3 3 2 6
1 .4 2 8 12 1 .5 1 5 14
W - 65
W -  65
E(W) — 4 (8 ) (8 + 8 + 1 )  » 68
SE -  y  1 / 1 2 ( 8 ) ( 8 ) ( 8 + 8 + 1 ) 9 . 5 2
Z -  65 - 68 = - .3 1 5
9 . 5 2
Pr(W <65) -  P r (Z < - .3 1 5 )
-  . 374
P -v a lu e  — 37%
N u ll h y p o th e s is  n o t  r e je c t e d
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